This Resource Letter provides a guide to the literature on van der Waals and Casimir-Polder forces. Journal articles, books, and other documents are cited on the following topics: nonretarded or van der Waals forces, retarded dispersion forces or Casimir-Polder forces between atoms or molecules, Casimir-Polder forces between a molecule and a dielectric or conducting body, the summation of Casimir-Polder forces as leading to the Casimir and Lifshitz forces between conducting and dielectric bodies, Casimir friction, applications to nanotechnology, the nature of the quantum vacuum, and experimental tests of the theory of Casimir and Casimir-Polder and van der Waals forces. The forces between molecules, first inferred from deviations from the ideal gas laws, are often due to quantum fluctuations. These can be thought of as fluctuations of the molecular or atomic electric-dipole moments themselves, either permanent or induced, or as fluctuations in the electromagnetic fields surrounding the dipoles. These forces were calculated from first principles starting in the 1930s in the nonretarded regime (that is, the finiteness of the speed of light being neglected) where the forces are called van der Waals, and in 1947 in the retarded regime (for distances large compared to the speed of light times a characteristic time) where they are referred to as Casimir-Polder (CP) forces.
I. INTRODUCTION
The forces between molecules, first inferred from deviations from the ideal gas laws, are often due to quantum fluctuations. These can be thought of as fluctuations of the molecular or atomic electric-dipole moments themselves, either permanent or induced, or as fluctuations in the electromagnetic fields surrounding the dipoles. These forces were calculated from first principles starting in the 1930s in the nonretarded regime (that is, the finiteness of the speed of light being neglected) where the forces are called van der Waals, and in 1947 in the retarded regime (for distances large compared to the speed of light times a characteristic time) where they are referred to as Casimir-Polder (CP) forces.
Progress in the subject has continued at an accelerating pace since then. The applications are important in atomic and molecular physics, quantum field theory, and nanotechnology.
For example, Casimir attraction can give rise to "stiction" (frictional forces that cause parts to stick together) between the micro-components, which will cause the device to fail, or, more excitingly, Casimir forces can drive the operation of nanomachinery. Van der Waals and Casimir-Polder forces may be thought of as special cases of, or as the origin of the general Casimir or quantum vacuum forces between macroscopic and mesoscopic bodies, and provide an important window into the quantum fluctuating nature of reality.
It should be noted that the author has been highly selective in choosing representative articles in this rapidly developing field. Because the central focus is on van der Waals and Casimir-Polder forces involving atoms, many topics of great importance in the general field of quantum vacuum energy phenomena, such as the dynamical Casimir effect, the coupling of Casimir energy to gravity or to modified gravity, and generally, Casimir energies in curved spacetime, have been excluded.
In this Resource Letter we use Gaussian units. To convert to SI units, replace the
The QFEXT series of conferences give a continuing overview. The latest proceedings is the following. 
Proceedings of the Ninth Conference on

III. VAN DER WAALS TO CASIMIR-POLDER
Van der Waals forces between molecules were first inferred from deviations from the ideal gas laws. But quantum mechanics was required to understand how such forces could arise from neutral atoms or molecules. In the short-distance, or nonretarded regime, where the speed of light is regarded as infinite, London derived, using second-order perturbation theory, the interaction between two fluctuating dipoles, characterized by a polarizability α. That is, the dipole moment p is proportional to the electric field E, p(ω) = α(ω)E(ω). The resulting interaction energy fell off with the distance r between the atoms like r −6 ,
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where α i is the polarizability of the ith atom, as a function of the imaginary frequency ω = iζ (that is, we rotate ω to the imaginary axis, so ζ is real). This, however, only holds for distances of order 10 nm or less. For longer distances, the finite speed of light must be taken into account, that is, retardation must be considered.
Casimir and Polder showed that the interaction energy between two isotropic polarizable atoms falls off faster, like r −7 , at zero temperature, in terms of the static, zero-frequency,
whereas, as was later realized, for high temperature, the dependence on c/r is replaced by kT , where k is Boltzmann's constant,
Casimir and Polder reproduced the London result at short distances, where the transition between the retarded and nonretarded regimes is set by some characteristic wavelengths of the relevant atomic transitions. In this paper, the authors also derived the interaction energy between an atom, of static polarizability α, and a metallic plate a distance Z away,
As a result of a conversation with Bohr, Casimir realized that these results could be obtained more simply by considering the zero-point fluctuations of the electromagnetic fields between the atoms, or the atom and the plate, as he explained in a lecture in Paris: If the atoms are not isotropic (spherically symmetric) the interaction depends on the orientation between the polarization tensors of the atoms. Thus, if we assume only linearity, so that there is a tensor (dyadic) polarization,
the interaction between such an atom and an isotropic slab a distance Z away is generalized to
And the Casimir-Polder potential between two anisotropic atoms is generalized to The Lifshitz formula may be easily understood in terms of multiple reflections between the parallel surfaces; an accessible derivation is found in Ref. [15] . For the case of two thick parallel slabs, with dielectric constants ε 1 , ε 2 , respectively, separated by a medium having dielectric constant ε 3 and thickness a, the force/area at zero temperature is given in terms of integrals over imaginary frequency ζ and wave number k (both with dimensions of inverse length):
where for the "transverse electric" polarization
in terms of the reflection coefficients for a single dielectric interface,
Here κ
For the TM mode, one merely replaces κ i → κ i /ε i in the reflection coefficients.
In these papers, Lifshitz and collaborators showed that when the dielectric constants of the media became large, the result of Casimir for perfect conductors was recovered. They further showed that when the media were tenuous, so when
where N is the number density of polarizable molecules in the media, the Lifshitz force could be understood as the pairwise summation of Casimir-Polder forces between the molecules, and thereby rederived Eq. (3.2a). Many years later, these results and more were rederived by Schwinger and his postdocs. In this paper, as in the earlier Lifshitz papers, temperature dependence was also discussed. However, in order to recover the expected result for perfectly conducting plates, a prescription was adopted asserting that formally the limit ε → ∞ had to be imposed before taking the zero frequency limit, which arises in the Matsubara sum over discrete frequencies that occurs for finite temperature T . That is, to pass from the zero-temperature Lifshitz formula to the finite-temperature expression, one replaces the frequency integral by a discrete sum:
where the Matsubara frequency is
(Here m is a positive or negative integer, including 0.) This prescription was designed to achieve agreement with the ideal metal limit, and guaranteed that the result was consistent with the third law of thermodynamics, that the entropy should vanish at zero temperature, although this was not widely appreciated at the time, and was not explicitly stated in the papers. But this prescription came under serious scrutiny at the dawn of the 21st century, and is now generally regarded as erroneous-see Sec. IX.
It should also be noted that there have been various attempts to divorce Casimir forces from the concept of zero-point energy. Notable among these are the following. Brown and Maclay extracted the vacuum expectation value of the stress tensor that expresses both the stress (forces) on the plates as well as the local energy density,
where u is the energy density between the plates, separated by a distance a,
The stress tensor is expressed in terms of the metric tensor of flat space, g µν = diag(−1, 1, 1, 1), and whereẑ µ is the unit vector in the z direction. Note that this says that the quantum energy density is constant between the plates (and zero outside). They further performed a full derivation of the Casimir energy at finite temperature between two parallel plates in the framework of thermal field theory, and observed a symmetry between low and high temperature behaviors, a type of duality.
V. EXPERIMENT
Experimental confirmation of the Casimir force took a long time in coming. Early experiments in the 1950s and 1960s were relatively inconclusive, the best of which did "not contradict Casimir's theoretical prediction." This, and almost all subsequent Casimir measurements, involved not two parallel plates
(which are exceedingly difficult to keep parallel), but a plane and a spherical lens (or a sphere), which force, when the separation distance between two objects is very small, could be deduced from that for parallel plates by the "proximity force approximation."
"Untersuchungenüber die Reibung und Adhäsion, IV. Theorie des Anhaftens kleiner
Teilchen," B. V. Derjaguin, Kolloid Z. 69, 155-164 (1934) . (I) In this approximation, the force between a spherical conductor of radius R and a conducting plane separated by a distance d is The last reference is the only measurement of the Casimir force carried out between parallel surfaces, and consequently, the systematic errors are relatively large owing to the difficulty of maintaining parallelism. Electrostatic calibration is a problem in all these measurements, since the Casimir forces may be overwhelmed by electrostatic forces. 
"Progress in Experimental
The corresponding force on an atom by a perfectly conducting wedge was was only computed a decade later. In this paper, the authors rederive the Casimir-Polder (3.2a) and London forces (3.1), and do so using a scattering matrix formalism, which has recently become popular (see Sec. XII).
One-photon exchange processes yield the Coulomb interaction, while two-photon processes lead to a potential between two atoms, labeled A and B, of the form
where in general (for isotropic atoms)
in terms of the electric and magnetic polarizabilities α E,M . This result was first obtained by Feinberg and Sucher twenty years earlier, using dispersion theory. The analogous retarded Casimir interaction between an electron and a dielectric wall was given in the following. 
Lett. B 104, 49-54 (1981). (A)
In this connection, the important early paper of Bender and Hays must be mentioned:
85. "Zero-Point Energy of Fields in a Finite Volume," C. M. Bender and P. Hays, Phys.
Rev. D 14, 2622 (1976). (I)
About the same time, Feinberg and Sucher suggested that there might be a strong van der Waals force between hadrons, which in turn could be a residual effect of QCD within the hadrons: 
Phys. B 310, 163-180 (1988). (A)
VIII. EXACT CASIMIR FORCE FROM C-P FORCES
We can reverse the derivation of the Casimir-Polder force from the Lifshitz forces between dilute dielectrics referred to above, in Sec. IV, to calculate quantum vacuum forces between macroscopic bodies made up of polarizable molecules. In many cases these forces can be given closed form through summing the Casimir-Polder potentials (3.2a): 
Rev. Lett. 101, 160402 (4 pages) (2008). (I)
For example, one can calculate exact forces between dilute bodies of various shapes, and can exhibit a Casimir torque between a semi-infinite dielectric slab and a dielectric rectangular block: For a fixed distance between the center of mass of the block and the slab, the equilibrium configuration of the block ranges from that in which the shortest side faces the plane, for large distances, to one in which the center of mass of the block is directly above the point of contact when the bodies just touch. This is a "tidal" effect hinging on the fact that the CP force falls off with distance.
Such pairwise summations of CP forces were first carried out to calculate self energies.
For example, the self energy of a ball of radius a made of a dilute dielectric |ε − 1| ≪ 1, was evaluated by summing Casimir-Polder energies.
"Observability of the Bulk Casimir Effect: Can the Dynamical Casimir Effect be
Relevant to Sonoluminescence?" K. A. Milton and Y. J. Ng, Phys. Rev. E 57, 5504-
(1998). (I)
The resulting self-energy was found to be They showed that the TE zero-frequency mode should be excluded for metals, just as it is for dielectrics. This has led to some intense discussion, partly to do with the thermodynamic inconsistency. while the linear term in the low-temperature limit is not present in the conventional theory, and the linear term in the high-temperature limit is twice as large in the conventional theory.
"Correlation of Energy and
The reduction of the high-temperature effect seen in Eq. (9.1b) was found in independent theoretical approaches: The thermodynamic problem associated with Eq. (9.1a) is that the corresponding free energy is
at low temperature, so the entropy/area does not vanish at low T :
But, in fact, it turns out that, because for real metals, ζ 2 ε(ζ) → 0 as the frequency ζ → 0, for very low temperatures the free energy behaves not as Eq. (9.2) but as There is also a controversy about the thermal Casimir force between semiconductors.
In this case, the discontinuity involves the zero-frequency TM mode. The problem was identified in 2005. These issues have yet to be satisfactorily resolved.
On the other hand, there seems to be no controversy about the thermal Casimir-Polder force between an atom and a metallic surface. However, there appears to be a conflict between theory and experiment, and with the Nernst heat theorem for the CP force between an atom and a dielectric if the dc conductivity of the latter in included. The latter reference shows that out of equilibrium, nonmonotonic (repulsive) forces can occur.
X. NANOTECHNOLOGICAL APPLICATIONS
The first experimental papers that demonstrated that quantum vacuum forces could be useful in micromachinery appeared ten years ago: 
The first two references here find forces that do not agree with the simple Casimir theory.
There have been many theoretical papers proposing micro-machinery and nano-machinery actuated by Casimir-type forces, for example, the proposal for a noncontact rack and pinion: For example, Barton finds friction at all temperatures, a difference with the result found in
Ref.
[143] that he attributes to a different choice of initial conditions. However, the authors of that reference demonstrate that both approaches are in fact equivalent. 
While the above references are typically concerned with rather small corrections that might be seen in the current generation of experiments, it was immediately recognized that much more general geometries were amenable to calculations:
